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The aim of the project was to lengthen the shelf life of orchid flowers to get 
superior quality flowers. The strategy used was by retarding the internal 
ethylene biosynthesis pathway through transferring the ACC oxidase gene 
in the reverse orientation (antisense) into the orchid cells of Dendrobium 
Savin White and Oncidium Gower Ramsey. This is complimented by 
isolation of ACC oxidase gene fragments from Oncidium for future genetic 
manipulation. 
A tissue culture system was established to provide plant materials for 
transformation work. Protocorm-like bodies (plbs) of Dendrobium and 
Oncidium were used to induce callus on half strength MS (Murashige and 
Skoog, 1962) medium. In Dendrobium, unwounded plbs or wounded plbs 
were tested to induce callus with Picloram (0, 0.6, 0.7, 0.8, 0.9 mg/L) in 
combination with Kinetin (0, 0.6, 0.7, 0.8, 0.9 mg/L). Oncidium callus was 
induced with Picloram (0, 12, 20, 30, 40, 50 mg/L) or 2,4 Diphenoxyacetic 
acid (2,4-D) at concentrations of 0, 5, 10, 15, 20, 25 mg/L separately. The 
highest rate of Dendrobiurn callus (42%) was obtained using unwounded plbs 
with 0.9 mg/L Picloram combined with 0.8 mg/L Kinetin. Unwounded 
Dendrobium plbs produced the highest rate of callus (17%) with 
combinations of 0.8 mg/L Picloram and 0.7 mg/L Kinetin or 0.9 mg/L 
Picloram and 0.9 mg/L Kinetin. The most effective callus induction (43.3%) 
for Oncidium was obtained with 5mg/L of 2,4-D. Picloram at 50 mg/L had 
the highest rate of callus induction (36.7%). Histological observations 
revealed that callus cells were undifferentiated whereas plbs had distinctive 
meristematic areas. Regeneration of Dendrobium and Oncidium callus was 
successfully obtained. 
Before transformation, a protocol was established for the selection of 
putative transgenic cells using hygromycin. Optimization of particle 
bombardment parameters (helium gas pressure and target/macrocarrier 
distance) was done with GUS assay. Helium pressure of 1100 psi (7580 kPa) 
with platform levels 1,3 or 1,4 was found suitable. ACC oxidase antisense 
construct (pPhACOAS1) was used for transformation and after hygromycin 
selection; one transgenic line of Dendrobium was obtained and regenerated. 
Confirmation of the transformed "lines" was done by Polymerase Chain 
Reaction (PCR) and Southern Blot. 
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ACC oxidase gene was isolated from pollinated Oncidium flowers. Physical 
changes during senescence of pollinated flowers were observed and 
ribonucleic acid (RNA) was isolated from various stages after pollination (0 
hr, 18 hrs, 24 hrs, 36 hrs, 48 hrs, 72 hrs) and unpollinated flowers. ACC 
oxidase expression from the RNA samples was analyzed through Northern 
Blot and showed increased levels of expression over time. The Reverse- 
Transcription Polymerase Chain Reaction (RT-PCR) technique was used to 
isolate ACC oxidase gene fragments from the RNA samples and was 
successfully amplified from three stages (unpollinated, 18 hours and 48 
hours after pollination). The gene fragments were then cloned into vectors, 
sequenced and characterized. The nucleic sequence and deduced amino acid 
sequence obtained from the three different stages had high homology with 
other ACC oxidase sequences in the Genebank. The analysis of the positive 
clones obtained showed two versions of ACC oxidase sequences (OncACO1 
and OncAC02) which were successfully isolated. 
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Kajian-kajian telah dijalankan dengan tujuan untuk menghasilkan bunga 
orkid yang mempunyai jangka hayat bunga yang lebih lama dan berkualiti 
tinggi. Strategi yang digunakan ialah dengan merencatkan proses 
penghasilan etilena dalam bunga melalui pernindahan ACC oksida dalam 
susunan terbalik (antisense) ke dalam sel orkid Dendrobium Savin White dan 
Oncidium Gower Ramsey. Pemencilan gen ACC oksida daripada bunga 
Oncidium pula memainkan peranan yang sama penting dalam kerja-ke rja 
manipulasi genetik. 
Satu sistem kultur tisu telah dibentuk untuk membekalkan sumber eksplan. 
Protokom daripada Dendrobium dan Oncidium digunakan untuk induksi 
kalus di atas media MS (Murashige and Skoog, 1962) dalam separuh 
kekuatan. Bagi Dendrobium, kalus diinduksi dengan protokom atau 
protokom yang dicederakan dengan kombinasi Picloram (0, 0.6, 0.7, 0.8, 0.9 
mg/L) dan Kinetin (0, 0.6, 0.7, 0.8, 0.9 mg/L). Kalus Oncidium diinduksi 
dengan menggunakan Picloram (0, 12, 20, 30, 40, 50 mg/L) atau 2,4 
diklorofenoksi (2,4-D) dalam kepekatan 0, 5, 10, 15, 20, 25 mg/L secara 
berasingan. Peratus penghasilan kalus Dendrobium yang terbanyak (42%) 
diperolehi dengan menggunakan protokom sebagai eksplan dengan 
kombinasi 0.9 mg/L Picloram dan 0.8 mg/L Kinetin. Protokom yang 
dicederakan menghasilkan kalus terbanyak (17%) dengan menggunakan 
kombinasi 0.8 mg/L Picloram dan 0.7 mg/L Kinetin atau 0.9 mg/L Picloram 
dan 0.9 mg/L Kinetin. Media yang mengandungi 5mg/L 2,4-D didapati 
paling sesuai untuk induksi kalus Oncidium (43.3%). Picloram pula 
menghasilkan peratus kalus yang terbanyak (36.7%) pada kepekatan 50 
mg/L. Pemerhatian histologi menunjukkan sel-sel kalus berbeza antara satu 
dengan lain berbanding sel-sel protokom. Regenerasi kalus Dendrobium dan 
Oncidium juga berjaya diperolehi. 
Satu protokol untuk pemilihan tisu transgenik dengan menggunakan 
antibiotik hygromycin juga telah dibentuk sebelum transformasi. Analisis 
GUS digunakan untuk mengoptimurnkan parameter (tekanan gas helium 
dan jarak aras sasasaran/'macrocarrier') dalam 'particle bombardment'. 
Tekanan gas helium 1100 psi (7580 kPa) dengan kombinasi aras 1,3 dan 1,4 
didapati sesuai. Konstruk antisense untuk gen ACC oksida (pPhACOAS1) 
di gunakan untuk transformasi dan selepas pemilihan dengan hygromycin; 
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kalus Dendrobiurn yang transgenik be jaya diperolehi dan dipindahkan ke 
media regenerasi untuk menghasilkan pokok. Transformasi untuk pokok 
trangenik yang dihasilkan daripada kalus dipastikan dengan menggunakan 
analisis molekul iaitu dengan menggunakan 'Polymerase Chain Reaction' 
dan 'Southern Blot'. 
Gen ACC oksida dipencilkan daripada bunga Oncidium yang telah 
didebungakan. Perubahan fizikal yang dialami oleh bunga-bunga yang 
didebungakan telah diperhatikan dan pemencilan asid ribonukleik (RNA) 
dibuat pada pelbagai peringkat senesens selepas pendebungaan (0 jam, 18 
jam, 24 jam, 36 jam, 48 jam, 72 jam) dan bunga tanpa pendebungaan. 
Ekspresi ACC oksida dalam pelbagai peringkat senesens dikaji dan didapati 
ekspresi yang semakin ketara dalam masa lebih lama selepas 
pendebungaan. Kaedah 'Reverse-Transcription-PCR' digunakan untuk 
memencilkan fragmen gen separa ACC oksida daripada sampel-sampel 
RNA. Produk RT-PCR telah berjaya diamplifikasikan daripada tiga tempoh 
masa (tanpa pendebungaan, 18 jam dan 48 jam selepas pendebungaan). 
Fragmen-fragmen gen separa ACC oksida yang diperolehi telah diklonkan 
ke dalam vektor dan dianalisis jujukan. Jujukan asid nukleik dan asid amino 
yang diperolehi daripada tiga peringkat itu mempunyai persamaan yang 
tinggi dengan jujukan ACC oksida yang lain di 'Genebank'. Analisis jujukan 
menunjukkan dua versi ACC oksida yang berbeza (OncACOl and 
OncAC02) telah be jaya dipencilkan. 
viii 
ACKNOWLEDGEMENTS 
Many, 0 Lord my God, Are the wonders you have done 
The things you planned for us, N o  one can recount to you 
Were I to speak of them, They would be too many to declare 
- Psalms 40 : 5 
I owe my deepest gratitude t o  qod, for giving me t h e  assurance that I can 
make it by His grace and teaching me that t h e  best way t o  get help is o n  
my knces. I am  also grateful t o  ttim for t h i s  opportunity t o  pursue my 
stud'ks t o  t h i s  level and His providence in s o  many ways; fimncially, 
encouragement from family, emellent health, supportive friends all around 
me, stupendous colleagues and lab-mates, a great group ofsuped~sors, and 
people who just came along t o  make a difference somehow. ~ncountable 
blessings have been pound o n  me and it will not do justice if I do not 
acknowledge a t  least part of it. 
I owe my gratitude t o  Dr saleh for making it possible t o  pursue my studies 
and giving me t h i s  really good and challenging project t o  work on, for 
shaving his words of wisdom, for h i s  friendship and also for a listening 
ear. Not only that, my thank you also for inkroducing me t o  my elite 
group ofsupevvisors and appoiuting the i r  counsel for me. 
I owe my appreciation t o  all my supervisors - Dr vila for giving me good 
advice, memtoving me, providing for me in every way when I ueded help 
and for her concern that I jump t h k  final academic hurdle s~ccessfully; 
&n shaib for supervising w, for h i s  company in t h e  lab when I had t o  
work late sub-culturing my callus, and also for be ing  very approachable 
and sincere in guiding me; Dr Mmi for her utmost patience in teaching 
and adoptiuj me into her molecular biology work, for her encouragement 
and motivatwn and teaching me how t o  organize ideas; Dr Maheran for 
spending her time with me, checking my work and thesis and o f f e r i n g  
good solutwv~s t o  present my work well. 
These people, mt ody gave me technbal support for my work bu t  also 
offered me close friendship a n d  care - these special individuals were Pn 
siti shaleha ~a l i b ,  &n t-tamid Abu t-tassan, ~ i k  Anisah t-tassan, cik 
Norizwati Amdan. and Pn mgayah s e k l i .  I'm also t h a h k f ~ l  for a l l  the 
help provided by Cile farahidah Abd t-tassan, cik M W ~  a l s u m  Bahavi, 
C ik  tdhadijah Awang, Pn Naziah Basivun, Puan Aini myati, ~r T a n  
Chon S e q ,  Dr L.um Peng fatt, Saw Peng, Cynthia Cossall, P n  Razeah  
Haireen, Cokman, E n  Salim (MPM Library), Pn ~ o r l i z a ,  M a  hes, Dr lndu 
Bala, Tuau othman, Pn Aishah, a l l  the staff of Biotechwlogy Centre, 
MARDI, C ~ P C C ~ ~ ~ Y  the /m V& Cukure Laboratory, T~RIA , .S~OI~K~~~OM.  
M boratory I a n d  the Molecular Biology Laboratory. 
I would also l i k e  t o  ackmwledge Biotechnology Centre, MA-I for 
allowing M t o  use their excellent research facilities and the hhiSt010gy 
laboratory of the Agriculture faculty, MPM. I also want t o  ackwwledge 
my curreht boss, Dr Ramanatha R a o  for his kind consideration in l e t t i n g  
me take time off t o  attend dkcussions and meetings t o  finish my 
dissertatiou. 
MY grateful thanks t o  my sister,juliCt for her p a t i e ~ e  in tolerating me, 
my family for being understanding, m8 friends for bugging me about 
my thesis, consoling me, listening t o  me, motivating me, praying for me 
and even b r ib ing  w* t o  graduate. I have finished it, a t  last! finally, I pray 
that I wil l be a good steward of this howur as my way of showing 
gratitude for a l l  these blessings above. 
I certify that an Examination Committee met on 20* September 2005 to conduct the 
final examination of Mohana Anita on her Doctor of Philosophy thesis entitled 
"Biolistic Transformation of Selected Orchid Hybrids for Improved Shelf Life and 
Cloning of Partial ACC Oxidase Gene from Oncidium Gower Ramsey" in 
accordance with Universiti Pertanian Malaysia (Higher Degree) Act 1980 and 
Universiti Pertanian Malaysia (Higher Degree) Regulations 198 1. The Committee 
recommends that the candidate be awarded the relevant degree. Members of the 
Examination Committee are as follows: 
Norihan Mohd Saleh, PhD 
Associate Professor 
Faculty of Biotechnology and Biomolecular Sciences 
Universiti Putra Malaysia 
(Chairman) 
Faridah Qamaruz Zaman, PhD 
Lecturer 
Faculty of Science 
Universiti Putra Malaysia 
(Internal Examiner) 
Janna Ong Abdullab, PhD 
Lecturer 
Faculty of Biotechnology and Biomolecular Sciences 
Universiti Putra Malaysia 
(Internal Examiner) 
Zainon Mobd Ali, PhD 
Professor 
Faculty of Science and Technology 
Universiti Kebangsaa Malaysia 
(External Examiner) 
~ r o f e s s ~ e ~ u t ~  Dean 
School of Graduate Studies 
Universiti Putra Malaysia 
Date: 
This thesis submitted to the Senate of Universiti Putra Malaysia was 
accepted as fulfilment of the requirements for the degree of Doctor of 
Philosophy. The members of the Supervisory Committee are as follows: 
SALEH BIN KADZIMIN, PhD 
Associate Professor 
Faculty of Agriculture 
Universiti Putra Malaysia 
(Chairman) 
VILASINI PILLAI, PhD 
Senior Research Officer 
Biotechnology Research Centre 
Malaysian Agricultural Research and Development Institute 
(Member) 
UMI KALSOM ABU BAKAR, PhD 
Deputy Director 
Biotechnology Research Centre 
Malaysian Agricultural Research and Development Institute 
(Member) 
MAHERAN ABD AZIZ, PhD 
Associate Professor 
Faculty of Agriculture 
Universiti Putra Malaysia 
(Member) 
AINI IDERIS, PhD 
Professor/ Dean 
School of Graduate Studies 
Universiti Putra Malaysia 
Date: 12 JAN 2006 
xii 
DECLARATION 
I hereby declare that the thesis is based on my original work except for 
quotations and citations which have been duly acknowledged. I also declare 
that it has not been previously or concurrently submitted for any other 
degree at UPM or other institutions. 
' MOHANA ANITA 
... 
Xl l l  
TABLE OF CONTENTS 
DEDICATION 
ABSTRACT 
ABSTRAK 
ACKNOWLEDGEMENTS 
APPROVAL 
DECLARATION 
LIST OF TABLES 
LIST OF FIGURES 
LIST OF ABBREVIATIONS 
CHAPTER 
1 INTRODUCTION 
2 LITERATURE REVIEW 
Plant quality improvement through genetic 
manipulation 
Shelf life improvement 
2.2.1 Ethylene 
2.2.2 Effects of pollination on flower shelf life 
Tools for genetic manipulation 
Tissue culture work in genetic manipulation 
2.4.1 In vitro cultures 
2.4.2 Callus 
Particle bombardment 
Reporter genes 
Selectable marker genes 
Molecular analysis for screening transgenic plants 
Plant material 
2.9.1 Dendrobium Savin White 
2.9.2 Oncidium Gower Ramsey 
3 CALLUS INDUCTION AND PLANT REGENERATION OF 
DENDROBZUM AND ONCZDZUM 
3.1 Introduction 
3.2 Materials and methods 
3.2.1 Planting material 
3.2.2 Sterilization techniques 
3.2.3 Stock solution preparation 
3.2.4 Plant growth regulators 
3.2.5 Induction of protocorm-like bodies 
3.2.6 Induction of Dendrobium Savin White callus 
3.2.7 Induction of Oncidium Gower Ramsey callus 
Page 
. . 
11 
. . . 
111 
vi 
ix 
xi 
xiii 
xvii 
xviii 
xxi 
xiv 
3.2.8 Histology 
3.2.9 Regeneration from callus 
Results and Discussion 
3.3.1 Induction of Dendrobium Savin White callus 
3.3.2 Induction of Oncidium Gower Ramsey callus 
3.3.3 Histology observation 
3.3.4 Regeneration from callus 
3.4 Summary 
Page 
58 
60 
60 
60 
66 
70 
73 
76 
4 GENERATION OF TRANSGENIC DENDROBIUM AND 
ONCIDIUM WITH ANTISENSE ACC OXIDASE GENE 
4.1 Introduction 
4.2 Materials and methods 
4.2.1 Callus growth medium for plant material 
4.2.2 Minimal inhibitory concentration of hygromycin 
in selection medium 
4.2.3 Pre-bombardment 83 
4.2.4 Bombardment procedures 87 
4.2.5 Post-bombardment 94 
4.2.6 Molecular analysis 96 
4.3 Results and discussion 104 
4.3.1 Effects of various concentration of hygromycin 104 
in selection media 
4.3.2 Optimization of bombardment parameters 
4.3.3 Selection and regeneration of putative 
transf ormants 
4.3.4 PCR analysis 
4.3.5 Southern Blot analysis 
4.4 Summary 
CLONING OF ACC OXIDASE GENE FROM ONCIDIUM 
5.1 Introduction 
5.2 Materials and methods 
5.2.1 Pollination of Oncidium Gower Ramsey flowers 
5.2.2 Senescence observation of pollinated Oncidium 
Gower Ramsey flower 
5.2.3 Preparation of RNAase free items and solutions 
5.2.4 RNA extraction from pollinated flowers at 
various senescence stages 
5.2.5 Gene expression at various senescence stages 
5.2.6 Reverse Transcription PCR (RT-PCR) 
5.2.7 Cloning into vector 
5.2.8 Selection of positive clones 
5.2.9 Analysis of positive clones 
5.2.10 Sequence analysis of positive clones 
Results and discussion 
5.3.1 Senescence observations of Oncidiurn Gower 
Ramsey flowers 
5.3.2 Total RNA extraction from Oncidiurn petals 
5.3.3 ACC oxidase gene expression 
5.3.4 Reverse Transcription PCR (RT-PCR) of ACC 
Oxidase mRNA 
5.3.5 Cloning of ACC oxidase gene 
5.3.6 Sequencing analysis of positive clones 
Summary 
6 GENERAL DISCUSSION AND CONCLUSION 
BIBLIOGRAPHY 
APPENDICES 
BIODATA OF THE AUTHOR 
Page 
132 
132 
xvi 
LIST OF TABLES 
Table 
4.1 Distance of combinations of macrocarrier gap and 
target distance in a particle bombardment gun 
4.2 Effects of various concentrations of hygromycin in 
selection medium 
4.3 Selection of optimum conditions for bombardment 
using GUS assay 
5.1 Homology comparison of nucleotide sequences of ACC 
oxidase clones with BLAST DNA database 
5.2 Homology comparison of amino acid nucleotide 
sequences of ACC oxidase clones with BLAST protein 
database 
Page 
92 
xvii 
LIST OF FIGURES 
Figure 
2.1 Ethylene synthesis and metabolism 
2.2 Dendrobium Savin White 
2.3 Oncidium Gower Ramsey 
3.1 Schematic diagram of callus induction 
3.2 Shoot of Dendrobium Savin White used for plbs 
induction 
3.3 Shoot of Oncidium Gower Ramsey used for plbs 
induction 
3.4 Plbs separated from clumps to induce callus 
3.5 Schematic diagram of callus induction experiments for 
Dendrobium Savin White 
3.6 Schematic diagram of callus induction experiments for 
Oncidium Gower Ramsey 
3.7 Dendrobium Savin White callus induction 
3.8 Effects of various concentrations of Picloram and 
Kinetin on Dendrobium Savin White callus formation 
(Experiment A) 
3.9 Effects of various concentrations of Picloram and 
Kinetin on Dendrobium Savin White callus formation 
(Experiment B) 
3.10 Effects of various concentration of 2,4 D on Oncidium 
Gower Ramsey callus formation (%) from plbs 
3.11 Effects of various concentration of Picloram on 
Oncidium Gower Rarnsey callus formation (%) from 
plbs 
3.12 Putative white Oncidium Gower Ramsey callus formed 
after 6 weeks of culture 
Page 
17 
44 
44 
47 
51 
xviii 
Figure 
3.13 Oncidium Gower Rarnsey callus formed after 8 weeks 
of culture 
3.14 Histological slides of Dendrobium Savin White plb and 
callus 
3.15 Histological slides of Oncidium Gower Ramsey plbs 
and callus 
3.16 Dendrobium Savin White regeneration from callus 
3.17 Oncidium Gower Ramsey regeneration from callus 
4.1 Flowchart of transformation and molecular analysis 
4.2 PDS-1000/Helium Particle Bombardment Gun 
4.3 Schematic diagram of PDS-1000/Helium Particle 
Bombardment Gun Note 
4.4 Particle gun ready for bombardment 
4.5 Selection of transformed cultures with hygromycin 
4.6 Schematic diagram for membrane transfer 
4.7 Gus Assay Spots 
4.8 Putative transgenic 
hy gromycin 
callus after selection in 
4.9 Regeneration of putative transgenic plants from callus 
4.10 Agarose gel electrophoresis of PCR-amplified DNA of 
transformed plants 
4.11 Southern hybridization analysis of DNA from putative 
transgenic plant 
5.1 Schematic diagram showing steps involved in cloning 
of ACC oxidase from Oncidium Gower Ramsey 
flowers 
Page 
68 
xix 
Figure 
5.2 Pollinated Oncidium Gower Ramsey flowers at various 
stages after pollination 
5.3 Pollinated Oncidium Gower Ramsey flower compared 
to unpollinated control 
5.4 RNA extraction at various stages after pollination 
5.5 ACC oxidase expression at various stages after 
pollination using Northern hybridization 
5.6 Agarose gel electrophoresis of RT-PCR products 
amplified from total RNAs at various stages after 
pollination 
5.7 Selection of positive clones via X-Gal. Negative 
colonies were blue and positive colonies were white 
5.8 PCR screening for 11 positive colonies from X-Gal 
selection for unpollinated flowers 
5.9 PCR screening for 6 positive colonies from X-Gal 
selection for flowers pollinated after 18 hrs 
5.10 PCR screening for 3 positive colonies from X-Gal 
selection for flowers pollinated after 48 hrs 
Page 
133 
Ax 
ACC oxidase 
ANOVA 
BLAST 
bp 
CaC12 
cDNA 
CSIRO 
CTAB 
DEPC 
DMSO 
DNA 
DNAase 
dNTP 
EDTA 
E. coli 
ethanol 
FAA 
GUS 
HC1 
hrs 
LIST OF ABBREVIATIONS 
absorbance at X nm 
1-arninocyclopropane-1-carboxylic acid 
analysis of variance 
Basic Local Alignment Search Tool 
base pairs 
calcium chloride 
complementary DNA 
I 
Commonwealth Scientific and Industrial Research 
Organization 
cethyltriaminebromide 
distilled deionized water 
diethylpyrocarbonate 
dimethylsulfoxide 
deoxyribonucleic acid 
deoxyribonuclease 
deox ynicotinarnide triphosphate 
ethylenediaminetetraacetic acid 
Escherichia coli 
ethyl alcohol (100%) 
formalin: acetic acid: absolute alcohol 
P-glucuronidase 
hydrochloric acid 
hours 
xxi 
IPTG 
Kb 
KOH 
LB 
M 
mM 
MARDI 
MgC12 
MOPS 
NaCl 
NaOH 
OD 
OSM 
PCR 
PDS 1000/ He 
PEG 
pH 
plbs 
psi 
kilobase pairs for DNA, kilobases for RNA 
potassium hydoxide 
Luria-Bertani (bacterial growth medium) 
molarity 
millimolar 
Malaysian Agricultural Research and Development 
Institute 
magnesium chloride 
3-(N-morpholino) propanesulfonic acid 
messenger RNA 
Murashige and Skoog (tissue culture medium) 
sodium chloride 
disodium ethylenediaminetetraacetic acid 
sodium hydroxide 
optical density 
medium with high osmolarity 
Polymerase Chain Reaction 
helium powered driven system 1000 
polyethylene glycol 
negative logarithm of hydrogen ion concentration 
1-log(H+)l 
protocorm-like bodies 
pound per square inch 
xxii 
RE 
RT-PCR 
RNA 
RNAse 
rpm 
SDS 
TAE 
TBA 
Tris 
Triton X-100 
restriction enzyme 
Reverse Transcription Polymerase Chain Reaction 
ribonucleic acid 
ribonuclease 
revolutions per minute 
sodium dodecyl sulfate 
150 mM NaC1,15 rnM sodium citrate (pH 7.0) 
40 mM Tris-C1 (pH 7.4), 20 mM sodium acetate, 1 mM 
EDTA 
Tertiary butyl alcohol 
Tris[hydrox ymethyl] aminoethane 
Vacin and Went (tissue culture medium) 
volume for volume (volume in ml in a 100 rnl total 
volume) 
weight for volume (grams in a 100 ml volume) 
2,4 dichlorophenoxyacetic acid 
xxiii 
CHAPTER 1 
INTRODUCTION 
Orchidaceae is the largest family of flowering plants. It is estimated that 10 
percent of all flowering plants are orchids (Yam, 1998). The diversity of the 
Orchidaceae family is absolutely magnificent and beyond imagination. This 
diversity and uniqueness of orchid has sparked off the interest of hobbyist, 
hobbyist-cum-commercial grower and also purely commercial growers. 
Therefore there is a demand for orchids both locally and overseas as orchid 
flowers sell readily and fetch lucrative returns (Fadelah et al., 2001). 
The Malaysian flower industry has developed into a very viable commercial 
enterprise. This trend is expected to continue in the future with higher 
standards of living of the local population and in developed countries. 
Malaysia has all the opportunities, including a conducive environment to 
exploit the floriculture industry (Zaharah and Noor Auni, 1994). Even 
though cultivation of orchids for fresh cut flowers in Malaysia began in the 
1960s, it was not until in the eighties that commercial orchid production 
gained such popularity that Malaysia is now ranked as one of the well- 
known producers of these exotic blooms. Malaysian orchids are classified as 
tropical orchids and are now exported mainly to Japan, Singapore, the 
Netherlands, Taiwan, Europe and Australia. In Malaysia, the largest orchid 
production areas are mostly in Johor. The distribution of the rest of the 
